Abstract Ecologists are increasingly actively involved in conservation. We identify five key topics from a broad sweep of ecology that merit research attention to meet conservation needs. We examine questions from landscape ecology, behavioral ecology, ecosystem dynamics, community ecology, and nutrient cycling related to key topics. Based on literature review and publication trend assessment, consultation with colleagues, and roundtable discussions at the 24th International Congress for Conservation Biology, focused research on the following topics could benefit conservation while advancing ecological understanding: 1. Carbon sequestration, requiring increased linkages to biodiversity conservation; 2. Ecological invasiveness, challenging our ability to find solutions to ecological aliens; 3. Individual variation, having applications in the conservation of rare species; 4. Movement of organisms, integrating ecological processes across landscapes and scales and addressing habitat fragmentation; and 5. Trophic-level interactions, driving ecological dynamics at the ecosystemlevel. Addressing these will require cross-disciplinary research under the overarching framework of conservation ecology.
INTRODUCTION
Today more than ever, scientists are expected to provide solutions to global, regional, and local conservation challenges. A compilation of 100 scientific questions that, if answered, would benefit conservation practice and policy (Sutherland et al. 2009 ) provided an extensive list of research topics grouped in 12 sections, a design that resulted in a seemingly daunting set of tasks with less-than-clear overarching research needs. Three horizon scans (Sutherland et al. 2010 (Sutherland et al. , 2011 (Sutherland et al. , 2012 identified potentially pressing issues but did not expand on the relevance of each issue to conservation, provided little factual information on 'current knowledge' and did not give direction on prospective research pathways. Although these were useful exploratory exercises, a condensed, but informative, list of 'hot' topics is needed to focus the attention of researchers and public.
Long lists of research needs may be perceived with cynicism. Information overload can discourage the public, leading to knowledge uncertainty because of apathy (McKinney and Schoch 2003) , attentional fatigue, fatalistic attitudes and even feelings of helplessness (Stokols et al. 2009) , or disbelief over the usefulness of conservation efforts (Lorenzoni et al. 2007 ), thus clearly working against conservation goals. Because understanding human influences within the ecosphere will aid environmental mitigation of anthropogenic effects, our intention is to highlight possible priority topics for research with conservation relevance. We provide concise background and suggestions for further research needs on topics that we identified and filtered through peer input and publication trend analysis, targeting ecologists and conservation scientists at all career stages. Certainly, tomes could be written on each topical research area, but our examination will necessarily be cursory (i.e., not comprehensive), in accordance with the intention of being succinct. We recognize that given our research experience in animal ecology, the topics probably have an animal bias, which we attempted to attenuate by incorporating plant aspects/examples for each topic.
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METHODOLOGY
Based on a broad literature overview we formulated a list of candidate 'hot' topics that were then presented to 15 academic colleagues at the University of Alberta with the purpose of bounding the list to five major issues, a number decided upon a priori and in line with our aim to be concise (details in Electronic Supplementary Material). We used an easily and broadly implementable means of assessing research trends on selected topics of interest by performing a keyword search in an online peer-reviewed publication database, analysing publication records with simple regression statistics (details in Electronic Supplementary Material).
We presented the five topics at the 24th International Congress for Conservation Biology (ICCB), Edmonton, Alberta, Canada (2010) . Round table discussions with audience members following the presentation revealed overall agreement and we recorded constructive feedback regarding chosen topics.
KEY TOPICS
The topics are: carbon sequestration, invasiveness, individual variation, movement, and trophic (predator-prey) dynamics. During discussions at ICCB it became apparent that these topics could be relevant to early-stage researchers such as young professors or graduate students trying to identify those directions that might best make a difference, as well as ecology program directors trying to decide on new hires. Societal interest and funding opportunities will ultimately determine whether specific research endeavours will take place, and presenting focal topics such as those identified herein to a wide and diverse audience affords opportunities for feedback. Conservationfocused research filtered through a critical readership would not only help to advance the sciences of conservation and ecology, but also meet society's expectations of science delivering realistic solutions to the biodiversity crisis.
Because of absence of priority ranking for the Sutherland et al. (2009) 100 questions, we were unable to effectively contrast the five topics against their 'most important' topics. Three of our topics [selected without prior inspection of Sutherland et al. (2009)] are also clearly present in their list. Individual variation is absent, and invasiveness is not explicitly identified. Although nonnative species management is addressed, not all nonnatives are invasive, highlighting possible gaps in the list of 100 questions.
Our literature search revealed a yearly rate of increase in the number of peer-reviewed publications on the five topics that exceeded that for ecology and conservation during [2006] [2007] [2008] [2009] [2010] ( Fig. 1 ; Table  S1 in the Electronic Supplementary Material). For each topic, we report the three journals that included the largest number of publications, revealing a mix of conservation, ecology, and management journals (Fig. 2) .
Carbon Sequestration
In the long term, conservation efforts for many species will fail if climate change is not properly addressed. Changes in temperatures and moisture regimes and increases in the incidence of chance events such as floods, droughts, and hurricanes could wipe out isolated populations of threatened species. Also, species invasions can be facilitated by climatic changes, and warming can have enormous consequences for carbon fluxes in forested ecosystems (Peltzer et al. 2010) .
Some species, especially homeotherms, likely will adapt to temperature changes, but others are less equipped to cope with such fluctuations and may go extinct. Future efforts to predict the impacts of climate change on species should recognize the importance of inter-specific interactions, because species with narrow niches that compete strongly with each other are more affected (Urban et al. 2012) . Heterotherms are particularly vulnerable because they rely on ambient conditions to regulate body temperature, and some have temperature-dependent sex determination.
Reducing energy use, switching to non-carbon fuels, and carbon sequestration are potential ways to decrease global warming and all have the common denominator of Carbon sequestration (black diamond), Invasiveness (dark gray square), Individual variation (light gray triangle), Movement (gray diamond), Trophic dynamics (black triangle), and all Ecology and Conservation (white disk). The graph was generated based on number of publication records obtained by performing a search by key topic versus all ecology and conservation topics reducing the amount of carbon in the atmosphere (Schrag 2007) . While the first two require societal shifts, carbon sequestration can be addressed more readily with biotic and abiotic technologies [terminology sensu Lal (2008) ]. Biotic (natural) approaches involve conserving grasslands, forested areas, wetlands and peatlands, while recognizing their role as long-term carbon sinks. Biotic strategies typically lead to a 'win-win' outcome by merging the objectives of carbon retention, habitat conservation, and food security (Lal 2008 ). While we know that biodiversity conservation generally benefits ecosystem services (Macfadyen et al. 2012) , the challenge is to search for agricultural practices that achieve both. In forested environments, carbon sequestration is balanced against plant respiration and approaches equilibrium as communities mature. Afforestation with tree monocultures involving fast rotation tree planting can provide carbon retention, but preserving native forests is in most cases a better compromise because non-native monocultures typically harbour lower levels of biodiversity than native forests, can reduce stream flows, and acidify and salinize soils (Jackson et al. 2005) . Additional research is needed to show how compatible carbon retention and conservation of biodiversity are across various ecosystems, and more importantly to find ways in which targeted outcomes can be maximized for both.
Effective biotic strategies rely on plants as carbon retention agents but also on the substrate on which plant growth and development occur. Land-use change from natural ecosystems to tillage agriculture results in up to 60 % depletion of soil organic carbon in temperate regions, and 75 % in tropical regions (Lal 2004) . Organic carbon loss decreases productivity of agricultural lands but can be addressed through agroforestry, rotation of plant cultures and use of organic rather than chemical fertilizers (Lal 2004 The keyword search occurred across all journals in the Thomson Reuters ISI Database, but only the top three journals for each topic as ranked by frequency of publication (%) are provided per topic: Carbon sequestration (lined gray), Invasiveness (light gray), Individual variation (dark gray), Movement (black), Trophic dynamics (sandy gray). As a reference, the three journals with the highest number of papers in ecology and conservation are in white at the disk periphery ones such as returning marginal cropland to rangeland/ grassland are some of the best biotic tactics to sequester carbon into the soil (Booker et al. 2013 ). For land used as pasture, high stocking density can result in substantial soil carbon loss, more so for livestock than for native herbivores (Bagchi and Ritchie 2010) . Comparing soil carbon loss from livestock versus native grazers across ecosystems would provide a broader perspective on how ranching impacts carbon budgets.
Abiotic (engineering) options involve physical manipulation of carbon such as injection of carbon underground or into oceans, and precipitation of carbonates (Lal 2008) . While abiotic approaches are potentially effective at storing considerable amounts of carbon, large-scale technological tests are necessary before wide implementation because of high costs of these engineering methods and the risk of carbon leakages (Schrag 2007; Lal 2008) . Quantifying biohazard potential of abiotic schemes and researching ways to minimize environmental impact will require study at the interface between ecological engineering, restoration ecology, and conservation biology. Preliminary evidence shows that injection of carbon on ocean floors into 'carbon lakes' may have adverse effects on deep sea biota (Seibel and Walsh 2001) .
More than a decade into the twenty-first century, we urgently need better understanding of the carbon sequestration consequences of land-management alternatives. Meanwhile, some areas require urgent attention and may provide multifaceted conservation opportunities. For example, forest protection for carbon sequestration and maintenance of biodiversity is needed immediately in Brazilian Amazonia, where 70 % of deforestation is caused by cattle ranching for human consumption (Malhi et al. 2008) . A strategic approach to the conservation of North American prairies can enable carbon storage, minimize the ongoing decline of grassland birds, and address depletion of the Ogallala aquifer caused by ground-water pumping for irrigation (McGuire 2011) .
Ecological Invasiveness
Despite recent ''eco-bigotry'' criticism and attempts to downplay the effects of invasives on native species (Davis et al. 2011) , biological invasions lead to extinctions (Clavero and Garcia-Berthou 2005) and threaten biodiversity on a global scale (see replies to Davis et al. 2011 in Nature) . Invasive species transform ecosystems, with effects being most pervasive when invasives exhibit attributes that are absent or poorly developed in native species (Wardle et al. 2011) . Attributes that make many invasive species highly successful include rapid growth, high mobility and potential for colonization, large body sizes, absence of predators and parasites, high tolerance to environmental stressors, and ability to survive with few resources.
Habitats subjected to low nutrient levels and extreme climates generally are less susceptible to invasions than habitats with high nutrients, or that have been modified by humans (Chytry et al. 2008) . Islands can be more exposed to invasions because of small sizes compared to mainland, which facilitates colonization by invasives, once these have reached the island system (Gimeno et al. 2006) .
Spread of invasives incurs high costs to native ecosystems and country economies. In the United States, alien species are a main cause of extinction and result in control costs in excess of $120 billion annually (Pimentel et al. 2005) . Ballast water carried by commercial ships is emptied in harbours around the globe and contains many nonnative species. Ballast water exchange where a ship's ballast tanks are emptied and refilled in mid-ocean between the home and destination ports can reduce propagule pressure and invasion risk (Wonham et al. 2005) . The South American red imported fire ant (Solenopsis invicta) decreases the richness and density of native North American ant species at small-scales and reduces density at biogeographic scales (Gotelli and Arnett 2000) .
Important disease vectors such as Anopheles sp. mosquitoes transmitting malaria also may be spreading in association with global warming, and the controversy over this topic (Lafferty 2009 ) calls for research that accounts for the complexity of potential confounding effects.
Most success stories of invasive-species control are of vertebrate invaders managed on islands, such as feral cats eradicated from small islands (Nogales et al. 2004 ). However, complete removal of invasives sometimes triggers unanticipated effects, such as spread of previously undetected exotic plants following removal of invasive herbivores (Zavaleta et al. 2001) . Communication gaps and differences in social pressures and expectations for ecologists compared to general public generate controversy over control of invasives (Shine and Doody 2011) . Questions on ecological and economical feasibility, as well as ethical issues surrounding lethal control, will result in different views depending on target species and personal background, belief system and interests.
Once invasion has occurred, control can be difficult to achieve, underlining the need for predictive spread models to facilitate limiting invasions. The urgent need for data and predictive models on invasions creates an exciting context for ecological research of conservation relevance especially given that, despite common belief, disturbance may be a poor predictor of invasions (Moles et al. 2012) .
The spread of invasive species can be forecasted with diffusion models incorporating human-mediated transport and climate-based niche models. Typically, models focus on the spread, establishment, or control stages of invasions for single species; models have yet to be developed for invasive hybrids, which can have higher impacts on the environment than the parental species (Hall and Ayres 2009) . Density-dependent, stage-structured approaches that model population-level response of invasives to attempted control can bring insights into compensatory effects and instabilities (Zipkin et al. 2009) , and testing such effects using empirical data across species can help guide control. Investigating differences in traits linked to performance is a promising way to forecast invasions for plant species (Van Kleunen et al. 2010 ) and should be further tested on animals.
Studies combining experimental and simulation work could prevent unwanted side effects of controlling invasives and post-control monitoring should be part of any invasion management program (Zavaleta et al. 2001 ). In particular, predictive power could be improved by merging phenomenological and mechanistic models (Gallien et al. 2010 ). Additional work is necessary to delineate native taxa most vulnerable to ecological invasions, given that some native and invasive species are able to evade extinction through precipitated coevolution (Leger and Espeland 2010) . More research is needed on whether species with significant ecological effects are the ones that also trigger major impacts on ecosystem services (Pejchar and Mooney 2009) .
Comparative research on behavior and trophic interactions in native and invasive ranges can identify potential functional roles of invasives in the systems they have invaded and can guide control (Withgott 2004) . And given the number of invasions caused inadvertently by humans through world-wide travel and commerce (Pejchar and Mooney 2009), we should not neglect the social component of dealing with invasiveness, such as findings effective ways to inform people about invasions and getting them to avoid accidental introductions.
Individual Variation
At the end of the twentieth century, ecological modeling of populations started to incorporate individual variation (Judson 1994) , recognizing that individuals are different, whether by genetics, environment, or both. Individual-level niche variability is important in ecology and conservation because of its influence on competitive interactions and population stability (Bolnick et al. 2003) . However, most studies in wildlife conservation and management still treat conspecifics as biologically equivalent, ignoring the fact that variability within populations is at the core of natural selection.
Focusing on variation in behavior reveals unequal resource partitioning among individuals and ultimately brings insights into individual and population-level fitness (Clutton-Brock and Sheldon 2010). Some individuals may be key to population survival by providing defense against intruders, promoting group cohesion, or because they are able to find and exploit novel opportunities associated with landscape change. Social hierarchy and territoriality are examples where knowledge of individual behavior should be part of research agendas aimed at conserving species especially when only few individuals persist. In some species individual immigrants to a population are responsible for sexually selected infanticide, a reality which needs to be taken into consideration when designing relocation programs. While the above examples pertain to the animal world, individual variation also has been observed in plants, opening research avenues into plant ''foraging behavior' ' (McNickle et al. 2009 ).
Perhaps of greater relevance to conservation are the roles of learning, memory, and familiarity in the life history and ''personality'' of individuals. Because personality can be subject to natural or sexual selection (Reale et al. 2007) , studying personality has relevance to ecology and conservation. For example, ''bold'' individuals might be more aggressive and reproductively successful than ''shy'' ones but boldness also might result in spatial overlap with humans potentially leading to conflicts. The maladaptive consequences of being attracted to risky areas (ecological traps) occur because human-caused habitat change often is too rapid or complex for a timely, beneficial evolutionary response of wildlife (Schlaepfer et al. 2002) . Ecologists should embrace a behavioral approach to identifying ecological traps, with potential application on anthropogenically modified landscapes (Robertson and Hutto 2006) .
Although some concern exists on whether they are general enough to be applicable, individual-based models (IBMs) can account for inter-individual variability, by simulating populations as being composed of discrete agents that represent individual organisms, with sets of traits that vary among the agents (DeAngelis and Mooij 2005). Individual variation also can be incorporated into statistical models, creating separate models for each individual. In a two-stage approach, models are fit to data from individual animals and then averaged to obtain responses at the population-level (Fieberg et al. 2010) . This is easily applicable to resource selection functions (RSFs), which may be more suitable than IBMs at characterizing resource use/distribution at large spatial scales (Fieberg et al. 2010) , especially when coupled with geographic information systems (GIS). Alternatively, applying randomeffects modeling to the entire dataset incorporates individual variability while accounting for unequal sample sizes. This approach showed that the population-level response by elk (Cervus elaphus) to residential and agricultural areas of high mortality risk was not characteristic of individual-level responses, with only 58 % of elk that died selecting proximity of human-made structures ).
Behavior coding and experimental designs that exclude non-target behaviors are fundamental approaches that enable personality measurements in behavioral ecology (Carter et al. 2012a ). Data on individual as well as spatial variation should be included in Population Viability Analysis (PVA) to account for increased risk taking by some individuals and, conversely, to the rescue effect by individuals with different demographic tactics in changing environments (White 2000) .
Modeling individual-level variability would benefit from explicit accounting for variation in genetic traits (Bolnick et al. 2011) . Beyond simply describing occurrence of personality variation/behavioral differentiation, real data input into predictive models is necessary to substantiate how personality influences a variety of ecological aspects including life history, dispersal, habitat use, density, and even speciation (Wolf and Weissing 2012) , thus ultimately affecting population persistence. Personality differences exist within as well as among species, and more variation in behavioral type generally is associated with better ability to cope with varied ecological contexts (Sih et al. 2012) .
Non-invasive sampling methods using remote monitoring techniques such as camera traps can be used to study individuals of high conservation concern such as tigers (Panthera tigris), which are uniquely identifiable based on coat patterns (Carter et al. 2012b) . Species reintroductions are an obvious example of situations when conservation can benefit from information on personality differences (Reale et al. 2010 ). Knowledge about individuals also would be helpful for species considered at risk of extinction from environmental stochasticity. Such species might sometimes be at higher risk of extinction from demographic variance (Melbourne and Hastings 2008) .
Movement of Organisms
Turchin (1998) defined movement to be the process by which individual organisms are displaced in space over time. Movement can add or subtract individuals from a population, influences inter-and intra-specific interactions, facilitates gene flow, and can rescue populations from extinction. A special issue of PNAS formally introduced the study of movement as a critical component of ecological and evolutionary processes with relevance to habitat fragmentation, climate change, and biological invasiveness (Nathan 2008) . The relevance of movement ecology was reinforced by a review of GPS telemetry for measuring movement (Cagnacci et al. 2010) .
Quantitative analyses of movement range from calculating simple movement metrics such as step length or turning angle, to models incorporating habitat (step selection functions; SSFs, Fortin et al. 2005) or behavioral states (state-space models; SSMs, Patterson et al. 2008) . Conceptually simple ways of investigating animal movement include separating movement by season or time of day, or splitting movement into foraging and searching bouts. Foraging areas can be detected by area-restricted search behavior, such as herbivores decreasing step lengths and increasing turning angles in areas with dense food patches.
Modern satellite-based telemetry yields unprecedented opportunities to document fine-scale movement paths of individual animals and long-range movements of marine mammals and turtles, while isotopic signatures have been used to document bird migrations. Understanding determinants and mechanisms of movement (e.g., behavior), and tracking long-distance dispersal are necessary to design effective corridors. Identifying corridors based on landscape resistance to movement is facilitated by a variety of methods (Zeller et al. 2012) , with RSFs offering promise by characterizing patterns of habitat and landscape selection by animals (Chetkiewicz and Boyce 2009) .
One concern is that by increasing connectivity, corridors might channel spread of invasive plant and animal species (Hulme et al. 2008) , and also could serve as pathways for disease transmission (Hess 1996) . Pushing knowledge boundaries for the ecology of movement in the context of connectivity is important given that fragmentation is a major driver of extinction, aggravating the impacts of habitat loss especially at low proportion of available habitats (Swift and Hannon 2010) .
Expansion of human-made features such as roads, seismic lines, or wind farms motivate research needs on animal orienteering and navigation, and how these developments might interfere with survival and fitness. Road developments can alter animal movements, with many species being negatively affected (through direct mortality and effective habitat loss), while others being relatively unaffected, or even positively influenced (Fahrig and Rytwinski 2009) .
Sun, stars, magnetic, and olfactory gradient maps as well as landmarks are used by a variety of vertebrates in long-range homing movements and travel within familiar areas, respectively (Phillips et al. 2006) . Because relocated 'problem animals' such as large predators or megaherbivores can home into their original ranges (Massei et al. 2010) , insights into travel distances and movement choices can result in effective relocation, preventing conflict reoccurrence at the site of origin, as well as along the return paths.
Movement is not solely an attribute of the animal kingdom, e.g., dispersal of propagules influences plant distributions. Some plants rely on wind or animals for dispersal, and therefore conserving the latter requires conserving the animal dispersal agent as well. Less commonly, taxa such as coconut palms (Cocos nucifera) use water as dispersal agent, with propagules being carried thousands of km by ocean currents until being washed ashore where they can germinate. Shifts in ocean currents associated with human-induced climate change may influence dispersal patterns leading to changes in species distributions. In terrestrial systems, investigations on seed dispersal across large spatial extents that encompass fragmented environments will be necessary to make informed conservation decisions (McConkey et al. 2012) . In particular, research must disentangle the role that humans have as dispersers of invasive plants, or facilitators of connectivity for native plant species (Auffret 2011) .
Researchers should focus on better understanding the non-arbitrary scale at which animals choose resources during movement, and be aware that human activity can modify inferences on space use . Viewing dispersal as a product of integrating movement ecology and biogeography (Cumming et al. 2012) enables conservation decisions at regional/continental-level. A broad-scale approach is particularly relevant given the mounting need for species to track climate-induced habitat changes across landscapes that are increasingly modified by humans (e.g., Vos et al. 2008) . At a fine scale, we are only beginning to understand the complexity of movement, and modeling this process is a challenge that requires models incorporating behavior into movement predictions. Irrespective of scale, ensuring species persistence requires maintenance of landscape permeability for organism movement, which is achievable only if strategic policies embody the needs of animals and plants as well as humans (Kostyack et al. 2011 ).
Trophic-Level (Predator-Prey) Interactions
Persistence of food webs is an important long-term goal largely because of its relevance to maintaining biodiversity in the face of habitat degradation (Stouffer and Bascompte 2010) . In turn, biodiversity can be essential for ecosystem stability (MacDougall et al. 2013) , with stability being maintained by interactions occurring within food webs (Rooney and McCann 2012) . Preserving links between interacting species is thus important for ecosystem-level conservation (Tylianakis et al. 2009 ). Paine (1980) coined the term 'trophic cascade', defining it as a series of interactions that ''cascade through the community, transmitted by a chain of strongly interacting links''. Examples of dynamics across multiple trophic levels are relatively sparse in literature (however, see Sergio et al. 2008) and surrounded by controversy over the general applicability of the 'trophic cascade' concept (Polis et al. 2000) .
Nonetheless, the predicted collapse of world marine fisheries, which has already occurred for many species, is an example of top-down control in which humans are the top predator driving trophic-level dynamics. Also in marine systems, variation in CO 2 can result in behavioral modifications in predator-prey interactions (Ferrari et al. 2011 ), and such effects should be investigated experimentally for other species given their direct conservation relevance. In terrestrial systems, cottonwood (Populus sp.) and oak (Quercus sp.) recruitment are negatively affected by the removal of large carnivores from the USA Great Plains, resulting in increased browsing pressure by domestic livestock and wild ungulates (Ripple and Beschta 2007) .
Eradication of top predators not only leads to changes in prey and vegetation composition, but also facilitates expansion of medium-sized carnivores, through mesopredator release (Prugh et al. 2009 ). Restoration of top predators can benefit biodiversity by alleviating the effects of mesopredators on prey (Ritchie and Johnson 2009 ), but recent evidence suggests that once predators have been removed, ecosystems can require a long time to recover even when predator reintroductions are successful (Marshall et al. 2013 ). However, ecosystem recovery rates must be assessed in other systems in order to allow generalization. Quantifying biodiversity at sites with versus without top predators, and measuring biodiversity and herbivory before versus after top-predator reintroduction could provide ecological context for predator importance to biodiversity conservation.
Some organisms can be involved in trophic cascades that traverse ecosystem boundaries. Dragonflies and frogs have complex life histories that make them vulnerable to predation as aquatic larvae, whereas adults are consumers in terrestrial habitats. The magnitude of predation by adults in terrestrial habitats is likely influenced by mortality of larval stages in aquatic habitats (Knight et al. 2005) .
Under the influence of global warming, trophic interactions occurring between species can modify species abundances (Van der Putten et al. 2010) , and a combination of empirical studies and modeling is necessary to generalize the direction of change in abundances to inform conservation. At a broad scale, shifts in phenology associated with climate change can be harmful by interfering with trophic dynamics (Thackeray et al. 2010 ), but further assessments are necessary to highlight such effects at finer scale.
By controlling competing invaders, native predators can facilitate native prey persistence (Juliano et al. 2010 ), but more compelling evidence is needed on the role of predator richness in maintaining stability and functioning of ecosystems. Complications arise because multiple predators may have additive, antagonistic, synergistic or at times null effects on prey assemblages (Cardinale et al. 2006) . Future studies on the effects of predator diversity in ecosystems should simultaneously consider non-trophic interactions and spatial effects of predators in addition to their direct effects of prey consumption (Leroux and Loreau 2009) . Studies of the ''ecology of fear'' provide opportunities for testing behavioral and evolutionary hypotheses with relevance to conservation, such as non-consumptive effects of predators on prey (Brown et al. 1999) . In some situations, prey may be endangered or threatened, in which case understanding predator-prey interactions would allow conservation strategies that enable prey persistence (Ward et al. 2012) .
And while we know some of the direct effects that the 'human predator' has in many of Earth's ecosystems, much still needs to be explored about indirect effects, such as what type and level of human activity is perceived by animals as a threat, and how human presence helps prey escape predators. For example, although large areas with minimal human disturbance are generally necessary for persistence of wide-ranging mammals, ecologists are learning that it is possible for mammalian carnivores to persist in areas with humans (Carter et al. 2012b ). Conversely, when predators do not tolerate humans, prey can use human presence as a safety refuge (Muhly et al. 2011) , with implications for the ecology of trophic-level interactions. In urbanized areas, the strength of predator-prey interactions is mediated by human-originated foods, which can limit predation (Rodewald et al. 2011) . While these are fascinating examples of animal adaptations to human-use landscapes, a wider array of empirical evidence is necessary and must be disseminated strategically (e.g., with the help of social scientists), to facilitate public acceptance of conservation strategies that foster human-wildlife coexistence.
CONCLUSIONS
As ecologists and conservation scientists we are privileged to live in a time when our work can affect the future of conservation. Focused approaches on applied problems can generate science-based solutions for a rapidly changing world. Analyses should strive to increase predictive abilities for species response to change under alternative scenarios, thereby serving conservation goals accordingly. Efforts will be most productive if ecologists collaborate with other researchers; working with social scientists can be critical for successful conservation. Public consultations and clear presentation of research findings will go a long way towards gaining public trust.
Spatially structured models incorporating multiple species will facilitate increasingly realistic projections on the spread of invasives. Designing more robust tests of animal cognition such as learning, memory, and navigation can help in the conservation of species with low population numbers. Understanding the way animals and plants move will require more mechanistic models that can incorporate movement decisions and influences on dispersal, respectively, rather than making gross assumptions or accepting high degrees of uncertainty. Investigations of trophic-level dynamics and non-consumptive effects of predators on prey will shed light on the role of top predators in structuring ecosystems and influencing biodiversity. Conservation of undisturbed habitats and responsible land-use can facilitate carbon sequestration while simultaneously fostering biodiversity conservation. But perhaps the biggest value for the money spent will come from the restoration of economically marginal croplands that can sequester carbon. If based on sound economics and because of the high prices imposed on carbon emissions, we can exploit the economic system to achieve conservation.
Efforts of conservation ecologists will be most effective when incorporating animal behavior into research programs (Caro 2007) and if choosing applied questions that span key topics or can accommodate them. For example, by monitoring individual animals to understand wildlife response to human activities and human-induced habitat change, we also can gain insights into their movement and discern individual variation. Data on trophic dynamics also can be collected, and properly designed sampling can reveal study subject invasiveness, or effects on invasive species. Such an integrative approach would enable suggestions for conservation or restoration that simultaneously enable maintenance of biodiversity and carbon sequestration.
